This study aimed to use physiological/psychological indicators to investigate the effects of tactile massage on mothers of children with autism spectrum disorder. Under fixed room conditions, some of the 17 participants were treated with the tactile procedure (tactile massage) for 20 minutes on the first day and with the resting procedure (resting in a seated position) for 20 minutes on the next day, while the others were treated with the resting procedure on the first day and the tactile procedure on the next day. Salivary cortisol concentration, salivary secretory immunoglobulin A concentration, and heart rate variability were used as physiological 
These effects include the promotion of growth and development in immature babies; alleviation of stress and aggressiveness in senile elderly individuals (Suzuki et al., 2010) ; improvements in ADL and QOL in patients with stroke (Olsson et al., 2004 );
blood glucose control in patients with diabetes (Andersson et al., 2004) ; improvement of QOL in patients with diabetes (Wändell et al., 2012) ; alleviation of morning sickness in pregnant women (Ågren & Berg, 2006) ; alleviation of symptoms in patients under treatment for headache, sleep disorders, or motor impairment (Andersson et al., 2009) ; and relaxation in adult women (Amano et al., 2012) .
The skin-stroking stimulation provided by tactile massage has been reported to increase oxytocin levels and decrease cortisol levels in blood, indicating that the stress-alleviating effects of tactile massage are related to endocrine responses (Uvnäs-Moberg, 2008 ). These hormonal effects are also observed in therapists while they are engaged in tactile massage, indicating that tactile massage may lead to a reduction in the therapists stress levels (Field, 2005; Uvnäs-Moberg, 2008) . These difficulties include learning to deal with the child s behavioral disorder and worrying about the child s future (Matsuoka et al., 2013) . These stresses can then negatively affect the mother s health and increase her fatigue levels (Bekku & Yoshimura, 2008) . Consequently, the daily life activities of mothers of children with ASD may be disturbed (Estes et al., 2009) . Furthermore, compared to mothers of typically developed children, mothers of children with ASD tend to be more stressed or depressed and have lower QOLs (Allik et al., 2006; Dabrowska & Pisula, 2010; Hastings et al., 2005; Mori et al., 2009; Mugno et al., 2007; Nomura et al., 2010; Sakaguchi & Beppu, 2007) . Previous studies have indicated that, in addition to the need for support for children with ASD, there is a need to support their mothers in order to alleviate their stress and improve their QOL.
Autism spectrum disorder
However, no studies have ever been conducted to examine the physiological and psychological stressalleviating effects of intervention with tactile massage or other CAM treatments in reducing stress in mothers of children with ASD.
Our aim is to support children with developmental disabilities by helping their mothers using CAM therapies. This study was intended to reveal the effects of stress palliation using tactile massage on mothers of children with ASD. In order to accomplish this goal, we used both physiological (endocrine and autonomic nervous system) and psychological (change in mood and anxiety) indicators.
Methods

Participants
The study participants were 17 mothers mean age 39.1, standard deviation (SD) 5.3 of pre-schoolaged or school-aged children with ASD of any severity level residing in prefecture A. The mean age of the participants children was 7.8 years (SD 4.2) .
Nine of the children were in pre-school, 6 were in elementary school, and 2 were in junior high school in a school for special needs education. Fifteen of the children were boys and 2 were girls. The exclusion criteria for the study were ongoing treatments for skin diseases, cardiovascular diseases, autonomic nervous system diseases, endocrine diseases, hyperaphia of the skin, and menopause. The mean height of the participants was 160.4 cm (SD 5.5), the mean weight was 60.3 kg (SD 11.7), and the mean body mass index was 23.3 (SD 3.7).
Study leaflets were distributed to the parents of children with ASD at a school for special needs education by teachers and at an outpatient clinic of a hospital by receptionists to recruit the participants.
Written and oral explanations were provided to those who wanted to participate in the study. The potential participants were informed of the study objectives and methods, their right to join or refuse, and to withdraw their consent at any time in the study. They were also informed of their right to stop participating in the experiment and of the policies regarding protection of privacy. Those who signed the consent form were recruited as study participants.
Procedure
The experiment was initiated after approval by the Research Ethics Committee, University of Fukui , and the Conflict of Interest Committee, University of Fukui (No. 973).
Seven participants were treated with the tactile procedure (tactile massage) on the first day and the resting procedure (resting in a seated position, no tactile massage) on the following day, while ten participants were treated with the resting procedure on the first day and the tactile procedure on the following day. As the menstrual cycle influences autonomic nervous activity (Matsumoto, 2013 ) and the concentrations of salivary substances (Izawa et al., 2007a) , the experiment was performed during the 2-week follicular phase after the start of menstruation.
Considering circadian changes in endocrine system indicators, the tactile and resting experiments were 2 0 1 6 216 started between 10:00 and 15:00, and were performed at the same time for each participant. Both tactile and resting procedures lasted 20 minutes. In the experiment room, the temperature was set to approximately 25 and the humidity was set to 60 .
No one else was allowed into the experimental room and the environment was kept quiet. The study took place between June 2013 and March 2014.
The participants were asked to avoid dental treatment and alcohol consumption, and to keep their usual sleep hours on the night before the experiment.
On the day of the experiment, the participants were instructed not to eat, drink, or brush their teeth for 1 hour prior to the start of the experiment. Immediately before the experiment, the participants were asked to excrete, to gargle with 50 ml of water, and to change into an examination gown. Their blood pressures, heart rates, and body temperatures were then measured. The experimenter asked the participants about the lengths of their sleep on the previous day and their current physical condition to ensure that they had no problems regarding their participation in the experiment.
Prior to the tactile/resting procedure, the participants completed a questionnaire regarding their psychological status. Their saliva samples were also collected and their heart rates were measured over a 5-minute period. The tactile/resting procedure was then carried out for 20 minutes. After the procedure, the participants again completed the questionnaire regarding their psychological status, submitted saliva samples, and had their heart rates measured over a 5-minute period. The order of the tactile and resting procedures was randomly assigned for each participant. Heart rate measurements and the tactile/ resting procedures were carried out with the participants comfortably sitting in a relaxing chair.
Conversation was minimized during the measurements and while the procedure was carried out.
During the tactile procedure, the participants received tactile massage on both hands for 20 minutes.
In order to maintain the same level of tactile massage for all participants, the procedure was conducted in all participants by a researcher who was certified as a therapist after attending the Level I Tactile Care
Course of the Japan Sweden Care Institute Co., Ltd., which is an organization promoting tactile massage in Japan. Tactile massage was performed using olive oil in accordance with the method of Suzuki et al. (2010) ( Table 1) . Using a slow rhythm and a weak steady pressure, the therapist thoroughly and lightly stroked the participant s hand repeatedly from the wrist to the fingertip in an intimate manner. Prior to the experiment, a patch test was conducted to confirm that no participants were allergic to the olive oil used in the tactile massage. 1. The nurse tells the subject that it is time for tactile massage and to get in a comfortable posture. 2. The nurse wraps both hands in a towel before removing one towel to effleurage the hand and turn the palm up. 3. The nurse rubs organic olive oil on the subject after warming the oil in her palm. 4. For finger effleurage, the nurse lightly strokes the side of the hand slowly. 5. The nurse wraps her hand around each finger while performing effleurage in a slow circular motion starting from the base of the finger to the tip of the finger. 6. The nurse strokes the hand making small clockwise circles on the palm and puts the hands together before stroking the sides of the fingers. 7. The nurse lets her hands slide around the wrists while performing effleurage in a circular motion. 8. The nurse carefully wraps the subject s hand in a towel and moves to the next hand. 9. The nurse repeats the same procedure for the other hand until the end of the tactile massage after which she thanks the subject. We used a heart rate variable frequency range
analyzer to obtain information on the autonomic nervous system. Heart rate measurements and analyses were carried out using a Pulse Analyzer Plus 
Psychological indicators
Mood and anxiety tests were conducted to obtain psychological indicators. We used the Profile of Mood
States-Brief Form (POMS-Brief Form) Japanese
Version to assess each participant s mood, which was developed by McNair et al. (1992a McNair et al. ( , 1992b McNair et al. ( , 2003 , is a scale for assessing mood. The scale can simultaneously assess 6 moods: 5 negative moods, which include Tension Anxiety, Depression Dejection, Anger Hostility, Fatigue, and Confusion ; and the positive mood of Vigor. The Japanese version of POMS was prepared by Yokoyama & Araki (1994) and it consists of 65 items. Its abridged version (POMS-Brief Form), which consists of 30 items, was subsequently developed as a standard version (Yokoyama, 2005) . In the POMS-Brief Form, the 5-level Likert Scale is used to respond to the As the POMS-Brief Form can assess the participant s mood over a short period of time (Yokoyama, 2005) , it was used in the present study to determine the participants current moods.
We used the State-Trait Anxiety Inventory Form JYZ (STAI-JYZ) to assess the participants anxiety levels. The STAI-JYZ is the latest Japanese version of the test (Hidano et al., 2000) , which is a modified, improved version of the anxiety scale developed by Spielberger et al. (1970) . This test incorporates Japan s cultural factors. The STAI-JYZ has been widely utilized in clinical and experimental studies of anxiety. This study examined short-term changes in anxiety as a result of tactile massage by assessing how the participant was feeling at that moment. We only used the state anxiety items of the STAI-JYZ. 
Results
Conditions of participants and experimental environment
On the day of study, the median systolic pressure The median number of hours spent sleeping on the night before the study was 7.0 in tactile-treated participants and 6.0 in resting-treated participants.
There were no significant differences in this measure.
None of the participants had a poor health condition on the day of experiment.
The median temperature and humidity of the experiment room were 26.3 and 51.0 , respectively, during the tactile procedure and 25.9 and 58.0 during the resting procedure. There were no significant differences in these measures.
Changes in physiological indicators
We were unable to analyze cortisol levels for 3 participants and secretory immunoglobulin A levels in 4 participants owing to insufficient amounts of saliva collected. In addition, 1 participant was excluded from analysis owing to the detection of arrhythmia, which was discovered during the study of autonomic nervous system indicators. Table 2 shows the results of the comparisons of the pre-to-post change rates of indicators in the tactile vs.
resting procedures. Although salivary cortisol levels decreased and salivary immunoglobulin A levels increased in both groups, there were no significant differences in the post-treatment levels between the two procedures. Both of the autonomic indicators increased following both procedures, though there were no significant differences in any of the items measured. 
Changes in psychological indicators
Psychological indicators from all 17 participants were included in the analysis. The median pre-procedure score was lower than 55 points, which represents intense anxiety. In tactiletreated participants, the median pre-procedure score was 44.0 points and the median post-procedure score was 32.0 points, which indicates a significant decrease following the procedure (p .001). In the restingtreated participants, the median pre-procedure score was 42.0 points and the median post-procedure score was 40.0 points, which also indicates a significant decrease following the procedure (p .01). 
Discussion
This study aimed to investigate the effects of stress palliation using tactile massage on mothers of children with ASD using physiological and psychological indicators. No significant differences were observed between tactile-treated and resting-treated participants in the number of hours spent sleeping on the night before the experiment. We also did not observe any significant differences in the participants blood pressures, heart rates, body temperatures, or the temperature or humidity of the experimental room on the days the procedures were performed. Therefore, we consider the experimental conditions to be homogenous between the two days.
Pre-to-post comparisons of physiological indicators of the endocrine system indicate that salivary cortisol decreased significantly and salivary secretory immunoglobulin A increased significantly in both tactile-treated and resting-treated participants. There were thus no significant differences in the rates of change of these variables between the two procedures.
Salivary cortisol increases with acute psychological or
physical stress and is related to chronic stress (Izawa et al., 2007a) . Daily life events that cause negative moods may decrease salivary secretory immunoglobulin A levels, while events that cause positive moods may increase salivary secretory immunoglobulin A levels (Izawa et al., 2007b) . Concurrent with the above observations, our results indicate that not only tactile massage, but also the resting condition, may be effective in alleviating physiological stress reactions.
In a study (Murata et al., 2009) , the participants were treated with a relaxing stimulus immediately after the application of a stressful stimulus and changes in their stress-responding molecules were examined. The concentrations of salivary cortisol, which were increased with stress stimulation, did not return to their pre-stress level following sitting, but returned to pre-stress levels after lying or lying and listening to music. Furthermore, salivary secretory immunoglobulin A levels significantly increased after lying or lying and listening to music.
Sitting did not lead to any significant changes in this variable. In another study (Takeda et al., 2008) , aromatherapy, which is well known for its CAM effects, was compared with massage without essential oils with the participants in a lying resting position. The authors observed a decrease in salivary cortisol levels and an increase in salivary secretory immunoglobulin A levels, although the participants were in a lying resting position. No significant differences in these variables were observed between the lying resting position and aromatherapy or massage. These results indicate that even resting in a lying or supine position may alleviate physiological stress. As the relaxing chair used in the present study was able to recline and had an adjustable footrest to fit the individual s preference, the participants were able to rest in a relaxing position. Consequently, salivary cortisol levels decreased and salivary secretory immunoglobulin A levels increased even after the resting procedure.
Pre-to-post comparisons of autonomic nervous system indicators suggest that HF significantly increases in tactile-treated participants. No significant differences were observed in resting-treated participants. In addition, no significant differences were found in LF/HF in either tactile-treated and restingtreated participants. As HF represents parasympathetic activity and LF/HF indicates sympathetic activity (Hayashi, 1999) , tactile massage was considered to promote the parasympathetic nervous system with no effects on the sympathetic nervous system. This was consistent with the results of a study on the effects of tactile massage on healthy women (Suzuki et al., 2016) . In a study on the effects of massage (other than tactile massage) on healthy individuals (Lindgren et al., 2010) , the activities of both sympathetic and parasympathetic nervous systems were shown to decline. In this case, the massage may produce a compensatory effect to ensure balance in autonomic nervous system activities. We may have a similar effect in the present study. Another similar report feelings and emotional responses (Onaka, 2010) .
For example, a study examined salivary secretory immunoglobulin A levels 30 minutes after participants were exposed to no odor, a pleasant odor, or an unpleasant odor, which induced good or bad feelings In the present study, which was conducted in mothers of children with ASD, tactile massage was more effective in alleviating anxiety and negative mood compared to resting in a seated position. Tactile massage also increased parasympathetic system activity in the autonomic nervous system, although its effects on stress reaction alleviation were no different from those observed in participants resting in a seated position. Thus, we may not have been fully able to capture the effects of the procedure on physiological and endocrine reactions. In a previous study (Suzuki et al., 2012) 
